INTRODUCTION {#sec1-1}
============

Periodontitis is a chronic infectious condition of the supporting tissues of the teeth that is caused by a complex variety of anaerobic, gram-negative bacteria. Periodontal destruction probably results from the action of various toxic products released from specific pathogenic subgingival plaque bacteria, as well as from the host responses elicited against plaque bacteria and their products. The inflammatory response may result in gingival ulceration around the tooth which can allow the entry of intact bacterial cells or their products including lipopolysaccharide, peptidoglycan fragments, and hydrolytic enzymes into the systemic circulation.\[[@ref1]\] Although plaque is essential for the initiation of periodontal diseases, the majority of the destructive processes associated with these diseases are due to an extensive host response to the bacterial challenge. Therefore, periodontal disease is a multifactorial, complex disease. The two types of periodontitis are chronic periodontitis and aggressive periodontitis. Characteristic clinical findings in patients with untreated chronic periodontitis include supragingival and subgingival plaque and calculus accumulation, gingival inflammation, pocket formation, loss of periodontal attachment, alveolar bone loss, and occasional suppuration. Aggressive periodontitis differs from the chronic form primarily by the rapid rate of disease progression seen in otherwise healthy individual, absence of large accumulation of plaque and calculus, and a family history of aggressive disease suggestive of a genetic trait. Based on the severity of destruction of the periodontium that occurs as a result of chronic periodontitis, the disease severity can be described as mild, moderate, and severe. In mild periodontitis, periodontal destruction is generally considered slight when there is no more than 1--2 mm of clinical attachment loss. When 3--4 mm of clinical attachment loss has occurred, it is considered as moderate periodontitis. Periodontal destruction is considered severe when 5 mm or more of clinical attachment loss has occurred.

The host response to infection is an important factor in determining the extent and severity of periodontal disease. Epidemiologic studies suggest that periodontal problems increase the risk of systemic problems like cardiovascular diseases,\[[@ref2]\] cerebrovascular diseases,\[[@ref2]\] atherosclerosis,\[[@ref3]\] preterm low birth weight,\[[@ref4]\] and diabetes mellitus.\[[@ref5]\] These reported associations indicated that periodontal diseases have systemic effects.

The blood cells have a vital role in supplying oxygen, maintaining hemostasis, and providing protection to the tissues of the periodontium. Systemic hematological disorders can thus have profound effects on the periodontium; if any of these functions is altered, it can have a detrimental effect on the integrity of the periodontium.\[[@ref6]\] For thousands of years, blood has been regarded as the ultimate body fluid that could indicate disease processes. In the past decade, there has been a renewed interest in the ways in which periodontitis may affect changes in cellular and molecular components of peripheral blood.\[[@ref7]\]

Anemia is defined as a state of reduced hemoglobin concentration, reduced number of circulating erythrocytes in the blood, or both.\[[@ref8]\] Anemia of chronic disease (ACD) is the most common form of anemia observed in clinical medicine.\[[@ref9][@ref10]\] The ACD is defined as the anemia that occurs in chronic infections, inflammatory conditions, or neoplastic disorders that is not due to marrow deficiencies or other diseases and occurs despite the presence of adequate iron stores and vitamins.\[[@ref11][@ref12]\]

The purpose of the present study was to compare the hematological parameters related to anemia in male patients with mild, moderate, and severe chronic periodontal disease with those of periodontally healthy male subjects and, thus, evaluate a possible association between periodontal disease and anemia.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

This study was conducted in March 2011 in the outpatient Department of Periodontology and Implantology, Rajah Muthiah Dental College and Hospital, Tamil Nadu. India. A simple random sampling method was used to select 80 healthy male patients, aged--55 years, in the study. Group I was the control group consisting of 20 male subjects with clinically healthy gingival. The test group included 60 male patients who were divided into three groups with 20 patients in each. Twenty male patients with probing pocket depth of greater than 4 mm and clinical attachment level (CAL) of 1--2 mm were diagnosed with mild chronic periodontitis. These patients made up group II. Group III included 20 male patients with probing pocket depth of greater than 4 mm and CAL of 3--4 mm, and were diagnosed with moderate chronic periodontitis. Twenty male patients with probing pocket depth of greater than 4 mm and CAL of 5 mm, who were diagnosed with severe chronic periodontitis made up group IV. All patients received verbal explanation of the nature of the study, and informed written consent was obtained. The study was approved by the Medical Ethical Committee of Rajah Muthiah Dental College and Hospital.

A detailed systemic and family history was recorded. Patients with a history of systemic diseases or conditions that may adversely affect periodontal health were excluded from the study. The exclusion criteria for the study were as follows: (1) Female patients; (2) patients with blood disorders and recent history of blood transfusion; (3) patients with history of diabetes, kidney disease, cancer, or fungal or respiratory infections; (4) patients with a history of hospitalization or intake of medications in the last (6 months; (5) patients with a current or past habit of tobacco smoking or chewing; and (6) patients with a previous history of periodontal therapy.

Clinical recordings {#sec2-2}
-------------------

Oral hygiene was recorded using simplified oral hygiene index (OHI-S). Gingival inflammation was scored using gingival index (GI), probing depth (PD), and CAL measures obtained from the four points of the teeth using a conventional periodontal probe (Hu-Friedy, Chicago, IL, USA) \[[Figure 1](#F1){ref-type="fig"}\]. The probe was directed parallel to the long axis of the tooth. CAL measurements were made from the cemento-enamel junction to the bottom of the sulcus \[[Figure 2](#F2){ref-type="fig"}\]. All clinical data were recorded by one examiner.

![Conventional periodontal probe](JISPCD-5-476-g001){#F1}

![CAL measurements from the cemento-enamel junction to the bottom of the sulcus](JISPCD-5-476-g002){#F2}

Blood collection and analysis {#sec2-3}
-----------------------------

Two milliliters of venous blood samples was collected by venipuncture in the antecubital fossa under aseptic conditions without excessive venous stasis from both case and control group patients. The blood was transferred into ethylenediaminetetraacetic acid (EDTA) containing bulbs and processed within 4 h of collection in an automated hematological analyzer. The hematological parameters assessed in the present study were the number of erythrocytes, mean corpuscular volume (MCV), hemoglobin concentration, hematocrit (packed cell volume), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC).

Statistical analysis {#sec2-4}
--------------------

All the data were analyzed using SYSTAT, 12 software program. Means ± SD of all the parameters was calculated for all the four groups. Analysis of variance (ANOVA) statistical test was applied to compare the mean values of red blood cell parameters in all the four groups. Pearson correlation coefficient test was applied to correlate the red blood cell parameters with clinical parameters.

RESULTS {#sec1-3}
=======

On average, 28 teeth were present in all the four groups. The mean ± SD of all blood parameters in the test and control groups are presented in [Table 1](#T1){ref-type="table"}.

###### 

Mean, SD, and Student\'s *t*-test significance values for systemic parameters within the four groups
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The mean number of erythrocytes and the hemoglobin values were significantly lower in mild (5.1 ± 0.2 million/mm^3^ and 14.5 ± 0.3 g%, respectively), moderate (4.8 ± 0.2 million/mm^3^ and 13.5 ± 0.2 g%, respectively), and severe (4.4 ± 0.3 million/mm^3^ and 12 ± 1.0 g%, respectively) periodontitis groups, when compared to the healthy controls (5.2 ± 0.3 million/mm^3^ and 15.2 ± 0.3 g%, respectively). The difference was found to be highly significant (*P* = 0.0001). Similarly, the mean values for PCV and MCV were significantly lower in group II (43.5 ± 6.8% and 91 ± 3.1 fl, respectively), group III (42.7 ± 1.5% and 88.0 ± 4.9 fl, respectively), and group IV (38.0 ± 4.0% and 85.1 ± 9.2 fl, respectively), when compared to group I (48.2 ± 2.2% and 91.1 ± 3.1 fl, respectively), and the difference was statistically significant (*P* \< 0.001). The mean values of MCH and MCHC were noted to be higher in group I (30.1 ± 1.5 pg and 32.7 ± 1.3 g/dl, respectively) compared to group II (29.0 ± 1.1 pg and 32.2 ± 0.8 g/dl, respectively), group III (27.6 ± 1.7 pg and 31.5 ± 0.8 g/dl, respectively), and group IV (26.6 ± 3.3 pg and 31.8 ± 1.2 g/dl, respectively). The difference was found to be highly significant (*P* = 0.0001) \[[Table 1](#T1){ref-type="table"}\].

Pearson correlations between red blood cell parameters and clinical parameters are shown in [Table 2](#T2){ref-type="table"}. A significant negative correlation was observed between RBC, hemoglobin, PCV, MCV, MCH, and MCHC with the clinical parameters studied.

###### 

Pearson correlation coefficient (test to compare RBC, hemoglobin, PCV, MCV, MCH, and MCHC with clinical parameters)
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DISCUSSION {#sec1-4}
==========

Anemia is one of the most common global public health problems in developed and developing countries. Globally, anemia affects 1.62 billion people, which is 24.8% of the total population.\[[@ref13]\] ACD is the second most prevalent form of anemia after nutritional, iron-deficiency anemia, and can coexist together, causing additional anemic burden. ACD is a cytokine-mediated anemia characterized by hypoferremia, with adequate reticuloendothelial iron stores and normal-to-elevated ferritin concentrations. It is a known, frequent complication of chronic inflammatory conditions\[[@ref14][@ref15]\] such as rheumatoid arthritis. The pathogenesis is reported to be dysregulation of iron homeostasis, depressed erythropoiesis, and a blunted erythropoietin response caused by elevated levels of systemically circulating pro-inflammatory cytokines that are the result of a local chronic inflammatory process.

The relation between anemia and periodontitis was explored in the latter half of the 20^th^ century. The studies investigated both the concept of anemia as an etiological factor of periodontitis and periodontitis as a risk factor for anemia. It was hinted and believed that anemia may be a factor in the causation of periodontitis, rather than a consequence.\[[@ref16]\] Lainson *et al*.\[[@ref17]\] was one of the first authors to implicate anemia as a systemic cause of periodontitis. Chawla *et al*.\[[@ref18]\] suggested that anemia is an important factor in the etiology or pathogenesis of periodontal disease. In anemic patients, there is increased production of the cytokines that mediate the immune or inflammatory response; such as tumor necrosis factor, interleukin-1, and the interferon. All the processes involved in the development of anemia can be attributed to these cytokines, including shortened red cell survival, blunted erythropoietin, and abnormal mobilization of reticuloendothelial iron stores. These cytokines are also released by periodontal tissues in response to bacterial infection, which suggests that periodontitis, like other chronic diseases, may cause anemia.

Siegel\[[@ref19]\] reported a depression in the number of erythrocytes apparently secondary to the presence of periodontal disease.

Recently, various studies have tried to evaluate the relation between periodontitis and anemia. These studies present confounding results. Hutter *et al*.\[[@ref20]\] and Thomas *et al*.\[[@ref21]\] showed that periodontitis patients have a lower hematocrit, lower number of erythrocytes, lower hemoglobin levels, and higher erythrocyte sedimentation rates. A 10-week intervention study by Rai and Kharb\[[@ref22]\] found an increase in hemoglobin and RBC levels after scaling and root planing in patients with severe periodontitis. Agarwal *et al*.\[[@ref23]\] demonstrated a significant improvement in hemoglobin value and erythrocyte count after periodontal treatment, including surgery in patients with generalized chronic periodontitis with anemia. A study by Gokhale *et al*.\[[@ref24]\] showed that patients suffering from chronic periodontitis have a lower number of erythrocytes and hemoglobin compared to healthy controls. Thus, they concluded that like any other chronic condition, chronic periodontitis can lead to anemia.

In the present study, tobacco smokers and chewers were excluded because they present confounding factors. Smoking affects the immune system and microflora of the patients, leading to deeper PDs\[[@ref25]\] and greater clinical attachment\[[@ref26]\] and bone loss.\[[@ref27]\] Smoking has a greater effect on the release of cytokines from neutrophils than periodontal disease.\[[@ref28]\] Smoking also affects the erythrocytes and other blood parameters.\[[@ref29]\] According to a study by Erdemir *et al*.,\[[@ref30]\] smokers with chronic periodontitis have a lower number of erythrocytes, a lower value of hemoglobin, and lower hematocrit and iron, compared to non-smokers with chronic periodontitis.

In India, anemia is more prevalent in females because of poor nutrition, increased menstrual losses, high incidence of tropical and intestinal infections, and other miscellaneous factors. Iron deficiency anemia is the most common type of anemia seen in India.\[[@ref31]\] Females are also prone to hormonal imbalance during puberty, during the reproductive phase, and toward menopausal age. The microbial flora and host immune response are altered leading to exaggerated response of the periodontal tissues to local factors.\[[@ref32]\] Therefore, to eliminate bias, only male patients were included in the study. Since our present study assesses the hematological parameters, patients having blood disorders like anemia, leukemia, lymphoma, and bleeding disorders like hemophilia, von Willebrand disease, etc., were excluded.

The present study shows an association between chronic periodontitis and signs of anemia, which suggests a measurable effect of periodontitis on the systemic condition of the patient. The mean hematocrit value was significantly lower in patients with mild, moderate, and severe periodontitis compared to healthy controls. The lower value of hematocrit can be attributed to the significantly lower number of erythrocytes. Similarly, the mean hemoglobin value was significantly lower in the test group. Our findings are similar to those reported previously.\[[@ref20]\] In our study, the mean MCV, MCH, and MCHC values were found to be higher in healthy controls when compared to the test group. The current observations were in accordance with the findings of Naik *et al*.\[[@ref33]\]

Cartwright\[[@ref34]\] postulated that at least three pathologic processes are involved in ACD: (1) Shortened erythrocyte survival, (2) failure of the bone marrow to increase RBC production to compensate for this increased demand, and (3) impaired release of iron from the reticuloendothelial system. The proinflammatory cytokines are thought to act as mediators in suppressing erythropoiesis from the bone marrow leading to anemia. The severity of anemia may depend on the elevation of proinflammatory cytokines. The change in hemoglobin and RBC values in the present study was statistically significant, but the difference was not as striking as observed in anemia caused by other inflammatory conditions, such as rheumatoid arthritis, neoplastic conditions, and fungal or parasitic infections. This may be explained by the fact that chronic periodontitis is a milder inflammatory condition compared to other systemic infections or conditions. Further studies need to be conducted to correlate the amount of periodontal inflammation and its effects on the systemic health of an individual.

CONCLUSION {#sec1-5}
==========

Systemic infections, especially chronic conditions, have a direct effect on the general health and well-being of an individual. Chronic diseases, such as rheumatoid arthritis, have been associated with anemia. Chronic periodontitis leads to a low-grade systemic inflammation. The long-standing inflammatory change in the periodontium has been associated with altered diabetic control, preterm low birth weight, and cardiovascular disease. Thus, chronic periodontitis has definite systemic effects. Chronic periodontitis can also lead to signs of anemia. Being a low-grade infection, the signs may not be as severe as seen in other systemic conditions, but they definitely cannot be ignored.
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